Background and objectives: In the 2002 dengue outbreak in Taiwan, some fatal cases had the underlying disease of renal failure (RF). Physicians faced difficulty in diagnosis and treatment of these patients; however, the impacts of RF on the clinical presentations and outcomes of dengue infection have not been reported previously.
D
engue infection, one of the most important mosquitotransmitted diseases, is prevalent in Ͼ100 tropical and subtropical countries (1) . Despite the advancements in public health and clinical medicine, the incident rate of dengue viral infection is increasing with an annual estimate of 50 to 100 million cases worldwide (2) (3) (4) . The clinical presentations of dengue infections range from asymptomatic infection or a flu-like illness in classical dengue fever (DF) to the severe forms of dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS), which may cause fatalities (3) . In Southeast Asia, DHF is primarily a disease of children who are younger than 15 yr (2) and a leading cause of hospitalization and mortality in children (5) , with a mortality rate varying from 0.5 to 3.5% (6) ; however, in the adult populations, the existence of various comorbid systemic diseases may affect the severity of dengue viral infections, which has not been comprehensively studied (7, 8) .
With the rapid growth of population, urbanization, and modernization, countries that are located in the tropical and subtropical areas, both developing and developed, may have the problems of increasing prevalence of chronic kidney disease (CKD)/ESRD (9) and be at risk from dengue endemics (10, 11) . In the 2002 outbreak of dengue fever in southern Taiwan, most of these patients were adults and several patients who died had the concomitant underlying disease of chronic renal failure (CRF). The influence of CRF on the mortality of patients with DHF/DSS despite intensive care was observed with case reports (12) . To our knowledge, no published research has focused on the presentations and outcomes of dengue viral infections in patients with impaired renal function. The aims of this study were to elucidate whether dengue viral infections in patients with renal failure have different clinical presentations and disease outcomes.
Materials and Methods

Participants and Definitions
From January 1, 2002, through January 31, 2003, patients who received a diagnosis of having dengue infections, either as DF or DHF/ DSS, at Kaohsiung Medical University Hospital, a medical center located in southern Taiwan, were enrolled for this study. The diagnostic criteria for dengue infection were febrile illnesses associated with one of the following laboratory confirmation tests: (1) Isolation of dengue virus, (2) positive result on reverse transcriptase-PCR, (3) detection of dengue-specific IgM capture antibody, or (4) a four-fold or greater increase of dengue-specific IgG capture antibody by ELISA and hemoagglutination inhibition assay in paired serum samples. All of the tests for confirmation of dengue infection were done by the Center of Disease Control, Taiwan. Cases with only a single positive dengue IgG result or without detailed history were excluded. According to the criteria from the World Health Organization (WHO), patients who have DF and hemorrhagic manifestations, low platelet count (Յ100 ϫ 10 3 / l), and objective evidence of leaky capillaries (Ն20% elevation in hematocrit, lower serum albumin, and pleural or other effusions) are classified as having DHF (WHO classification, DHF grades I/II). Those with evidence of circulatory failure (pulse pressure Յ20 mmHg, hypotension, or frank shock) are classified as having DSS (WHO classification, DHF grades III/IV) (1, 13) . To study the severity of renal function impairment in relation to the development of DHF/DSS and mortality, we calculated the estimated GFR (eGFR) for each patient by the simplified equation of the Modification of Diet in Renal Disease study (MDRD) (14) . The definition of renal failure (RF) included patients who had an eGFR Ͻ60 ml/min per 1.73 m 2 at admission and a concomitant history of CRF or eGFR Ͻ60 ml/min per 1.73 m 2 before this episode of infection. Patients with no serum creatinine data at admission or with incomplete demographic data were excluded. Patients with acute kidney injury (AKI) were classified according to the RIFLE (risk, injury, failure, loss, ESRD) criteria into "risk for renal failure" (eGFR decrement Ͼ25% from the baseline), "injury to the kidney" (eGFR decrement Ͼ 50% from the baseline), and "failure of kidney function" (eGFR decrement Ͼ75% from the baseline) (15) . Because there were patients with preexisting RF and decreased eGFR level, when the acute decrement in eGFR was to a level to receive dialysis therapy, these were classified as "failure of kidney function" regardless of their percentage change of eGFR.
Design
Through a retrospective review of medical charts, demographic data of age, gender, medical history of any underlying diseases in association with the severity of dengue infection, and mortality of each patient were recorded. All of the laboratory results at first hospital visit were collected for statistical analyses. The nadir or peak of the levels of liver enzymes and complete blood counts during hospitalization were also recorded. The recording of underlying diseases was based on the medical charts. Pulmonary diseases included chronic pulmonary obstructive disease, asthma, and bronchiectasis; cardiac diseases included arrhythmia, congestive heart failure, and ischemic heart disease; chronic liver diseases included chronic viral hepatitis and liver cirrhosis; and rheumatologic diseases included systemic lupus erythematosus, rheumatoid arthritis, Behçet disease, gouty arthritis, and osteoarthritis. Proteinuria was defined as urinary protein appearing Ն1ϩ (30 mg/dl) by dipstick test (Hema-Combistix; Bayer Diagnostics, Wales, UK), and the same criterion was used for urinary occult blood as for microscopic hematuria. Parameters that possibly influenced the clinical presentations and outcomes for development of classical DF or DHF/ DSS in patients with or without RF were analyzed and compared. Biochemistries of blood and urine were measured by autoanalyzer (COBAS Integra 400; Roche Diagnostics, Mannheim, Germany).
Statistical Analyses
Categorical variables were compared by 2 test. Fisher exact test was used when the expected count was less than five. Continuous data were expressed as means Ϯ SD. Continuous variables with non-normal distribution were compared by Mann-Whitney U test between groups. We analyzed the risk factors for development of DHF/DSS and mortality by multiple logistic regression models. The Kaplan-Meier analysis was applied for probability of survival among groups on the basis of DF and DHF and with or without RF. These observations started from the day of hospital visit and ended on the day of patient discharge. Event of interest was considered as patient died during hospitalization. Patient discharge was considered as censored. A two-sided P Ͻ 0.05 was defined as significant. Analyses were performed by SPSS 10.0 (SPSS, Chicago, IL) and GraphPad Prism 4.0 (GraphPad Software, San Diego CA).
Results
Among 547 patients with confirmed dengue infection, 28 patients without complete information or lack of serum creatinine data were excluded. The 519 study patients included 265 (51.1%) men and 254 (48.9%) women with a mean age of 48 Ϯ 18 yr. A total of 412 (79.4%) patients had classical DF, and 107 (20.6%) patients had DHF/DSS. Twenty-one patients had eGFR Ͻ60 ml/min per 1.73 m 2 at admission and a concomitant history of CRF or had eGFR Ͻ 60 ml/min per 1.73 m 2 before admission; these were defined as the RF group. Eighteen of these 21 patients had previous creatinine records, and all showed eGFR Ͻ60 ml/min per 1.73 m 2 , which could support the diagnosis of CRF. The other three patients, although without second creatinine data available, were suggested by selfstatement of CRF at history taking. The demographics, past history of DF, and underlying diseases of patients with and without RF are shown in Table 1 . Univariate analysis revealed that the RF group had a significantly higher percentage of hypertension, diabetes, and rheumatologic diseases and older age compared with the non-RF group, but there was no difference in the past dengue infection history. The time from the onset of fever to the detection of DF in RF and non-RF groups did not show a significant difference (2.8 Ϯ 3 versus 3.6 Ϯ 1.9 d).
Among the 519 patients, 273 had a second serum creatinine examination before or after recovery from dengue virus infection. According to RIFLE criteria, the frequencies of "risk for renal failure." "injury to the kidney," and "failure of kidney function" among these patients were 21.6% (59 of 273), 2.9% (eight of 273), and 2.6% (seven of 273), respectively. The patients with DHF/DSS were more susceptible to developing "injury to the kidney" and "failure of kidney function" with nearly five times the percentage (nine in DHF/DSS group and six in DF group, 15 versus 2.9%; P ϭ 0.001). Patients in the RF group also had significantly higher percentages of "injury to the kidney" and "failure of kidney function" (seven in RF group and eight in non-RF group, 36.8 versus 3.1%; P Ͻ 0.001).
Twelve patients died during this outbreak, and all had DHF/ DSS (11.2% of DHF/DSS; 2.3% of all patients), including six patients in the RF group. The RF group had a higher mortality rate (28.6%) than the non-RF group (1.2%; P Ͻ 0.001). Significant differences in risks for DHF/DSS and mortality between RF and non-RF groups are shown in Table 2 . Among patients who died, only one patient died of secondary infection. The other 11 patients died of shock as a result of either intractable bleeding or severe DHF/DSS-induced multiple-organ failure. No one died as a result of the complication of RF. Seven patients received renal replacement therapy during hospitalization, either hemodialysis or continuous venovenous hemodialysis, for removal of excessive fluid or uremic toxins. Six of 97 patients with DHF/DSS in the non-RF group died, and four of six patients died within 5 d after admission. On the contrary, among 21 patients with RF, 10 developed DHF/DSS and six died. Most (five of six patients) died Ͼ5 d after hospitalization (Figure 1) .
By multiple logistic regression analyses, after adjustment for age, gender, past history of DF, and other underlying diseases, the risk for developing DHF/DSS in the RF group was 3.0 times (95% confidence interval [CI] 1.1 to 7.6) that of the non-RF group, and in the diabetes group it was 2.1 times (95% CI 1.1 to 4.2) that of the nondiabetes group (Table 3) . The mortality risk in the RF group was also significantly higher with an odds ratio of 33.9 (95% CI 7.0 to 164.1), and it was 15.1 (95% CI 2.2 to 102.1) in patients with pulmonary diseases. Each model was deemed effective, and the goodness of fit was evaluated by Hosmer-Lemeshow test ( 2 values were 7.47 [P ϭ 0.49] and 6.0 [P ϭ 0.65], respectively). The Kaplan-Meier survival analysis also demonstrated significantly that patients in the RF group with DHF/DSS had the lowest probability of survival (P Ͻ 0.001; Figure 1) .
On the basis of the levels of eGFR, the distribution of eGFR in all of the cases of dengue infection is shown Figure 2 , top. The percentages of DHF/DSS and mortality in each eGFR category are expressed in Figure 2 , bottom. The increased percentages of DHF/DSS and mortality, respectively, followed the decrease in eGFR (Figure 2, bottom) . Patients with more advanced renal function impairment had a higher percentage of DHF/DSS (P ϭ 0.029) and also a higher percentage of mortality (P Ͻ 0.001, 2 test for linear trend). The differences in clinical presentations of DF and DHF/DSS between patients with and without RF are shown in Table 4 . There were significantly higher frequencies of ecchymosis/ petechia, bleeding, proteinuria, hyponatremia, higher serum aspartate aminotransferase (AST), lower serum albumin, and lower nadir platelet count in the DHF/DSS group compared with DF in the patients without RF and similar to the situation usually expected in general populations; however, only the level of higher serum AST was significantly different between DF and DHF/DSS in the patients with RF, and there was no significant difference in frequency of other mentioned symptoms/signs and parameters between DF and DHF/DSS in the patients with RF. 
Discussion
Our case series study demonstrates that patients with RF and dengue viral infections have significantly higher risks for DHF/DSS and mortality. Poor outcome, including both DHF/ DSS and mortality, correlated with poor renal function.
Besides the viral virulence factor, it has been shown that factors of previous history of dengue infection, age, and underlying diseases are risk factors for the development of severe forms of dengue viral infections (2) . Adult DHF/DSS was reported to be more frequent in patients with asthma, diabetes, and sickle cell anemia in Cuba (7). In the 1997 outbreak in Brazil, hypertension, diabetes, and bronchial asthma all were identified as individual risk factors for the development of DHF/DSS (8) . Aside from these reports, there has been no further study for the relationship between CKD and DHF/DSS. This could be because DHF/DSS occurs predominantly in pediatric patients whose second infection with a dengue virus serotype is different from the first episode, which is explained by the antibody-dependent enhancement hypothesis (16,17). In our study, the history of previous dengue infection by patients' self-reporting was not a significant risk factor for development of DHF as in another report (2); however, bias may have existed regarding this parameter in this study because of the lack of awareness of previous dengue infection by patients themselves when only minor or asymptomatic illnesses appeared during the previous infection. Adults were the main population of infection in the 2002 dengue outbreak in Taiwan, which is different from other countries' situation, in which the majority of mortalities were children who had DHF (5) . At the same time, there were increasing numbers of patients with CKD/ ESRD in Taiwan (18, 19) . Both the adult population of dengue infection in this outbreak and the relatively high percentage of patients with CKD/ESRD made it possible for this study to evaluate the impact of renal insufficiency and RF on dengue infection. In our study, the risk for developing DHF/DSS was significantly higher in patients with diabetes and RF (Table 3) . Diabetes was identified as a risk factor for development of DHF in previous studies (7, 8) . Our results indicate that patients who have RF and dengue infection have a higher risk for DHF/DSS.
The mechanism and pathogenesis of DHF/DSS have not been studied in patients with RF. The possible mechanism on the basis of some lines of evidence could be proposed. The increased risk for DHF/DSS in patients who had a second dengue infection of different serotype from a previous infection The Kaplan-Meier survival analysis is based on the total survival days in the period from hospitalization to discharge among patients with dengue fever (DF) or dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS) in the renal failure (RF) group and in the non-RF group. Event of interest was defined as patient death during hospitalization and patient discharge as censored. There is overlapping of the curve in RF and non-RF groups of DF, but the patients with DHF/DSS in the RF group have significantly higher mortality than the others by log rank test (P Ͻ 0.001).
has been explained by the antibody-dependent enhancement hypothesis for the mechanism of DHF/DSS development (20) . The residual antibody from a previous infection may bind to the virus of the second episode and construct the virus-antibody complexes. These complexes are taken up more easily than uncoated virus by cells expressing Fcr receptors, such as monocytes and macrophages. A series of cytokine cascades will follow with subsequent complement activation and increasing endothelium and vascular permeability (21) . IFN-␥, TNF-␣, IL-2, IL-6, IL-1␤, and IL-8 are the cytokines involved in the pathogenesis of DHF/DSS (22) . Among these cytokines, TNF-␣ and IL-6 are reported to be increased in patients with CRF (23). Thus, when the patients with have dengue viral infection, the augmented levels of cytokines might increase the vascular permeability markedly and put patients with RF at a higher risk for developing DHF/DSS. In addition to cytokine cascade, endothelial cells play a crucial role in DHF/DSS. In the uremic milieu, it can cause endothelial cell dysfunction by decreasing the attachment of endothelial cells and reducing thrombogenicity (24) . This phenomenon might also contribute to the pathogenesis of DHF/DSS in patients with RF. Aside from these two mechanisms, abnormal von Willebrand factor (vWF) multimers are reported in patients with DHF, which indicates that vWF is also an important factor in the pathogenesis of DHF (25) . In patients with RF, platelet dysfunction is well known and vWF is the most important factor responsible for this problem. All of these increase the risk for DHF/DSS development in patients with CRF. The Kaplan-Meier survival analysis revealed that the lowest survival probability existed in patients with RF and DHF/DSS (Figure 1) . Although the average age in the RF group was greater than in the non-RF group (Table 1) , in multiple logistic regression analysis, age was not a significant factor for the difference in mortality. In addition to RF, pulmonary diseases were associated with significantly higher risks for mortality, which was also noted in patients with asthma (7). The rapid clinical course to mortality in four of sex deceased patients from the 97 non-RF patients with DHF/DSS indicates that they were the most severe cases in this group; however, most of the patients who died (five of six) from the 21 patients with RF and DHF/DSS died Ͼ5 d after hospitalization, suggesting that obscure symptoms/signs of DHF/DSS and CRF upon admission might have resulted in delayed diagnosis and management. That is why the mortality cases in RF group seemed to have had a less severe condition on admission but progressed quickly to cause death.
In treating patients with DF, there are certain signs that may raise physicians' suspicion of the development of DHF/DSS, such as extensive petechia/ecchymosis, overt bleeding, proteinuria, hyponatremia, elevated AST/alanine aminotransferase, hypoalbuminemia, and marked thrombocytopenia; however, the difference of clinical presentations, including ecchymosis/petechia, bleeding, hypoalbuminemia, and nadir platelet count between DF and DHF/DSS in patients with RF is not obvious, which is different from the situation in patients without RF (Table 4) . Furthermore, the low baseline hematocrit in patients with RF and low baseline platelet count in dialysis patients as a result of uremia and the use of heparin in dialysis could be other obstacles to early recognition of hemoconcentration and thrombocytopenia in dengue viral infection. These may lead to ignorance of clinical symptoms/signs and misinterpretation of the laboratory data and thereby increase the risk for delayed diagnosis of DHF/DSS in patients with RF and dengue viral infection. Another problem that may affect the outcomes in patients with RF and DHF/DSS is the difficulty in treating patients with severe RF, especially in proper fluid management and control of bleeding, as in our previous case report (12) .
This study is one hospital-based design with the disadvantage of limited case number and the advantage of reducing bias on the factor of difference in medical care quality. Compared with the percentage distributions of DF and DHF/DSS in the whole of Taiwan (a total of 5388 classical DF and 242 DHF/DSS cases), the higher percentage of patients who had DHF/DSS and were admitted to our hospital than that of patients who had DF should be due to the nature of the medical center. It was reasonable that patients with more severe infection condition should be sent to the medical center, and there could be a significant number of patients not hospitalized or just admitted to local hospitals because of self-limited or mild clinical symptoms/signs of infection. There was a higher percentage of stage 3 CKD in our study compared with that in a national survey on hypertension, hyperglycemia, and hyperlipidemia (18) . This higher percentage of patients with stage 3 CKD was explained by the severity of the condition of study patients as mentioned already. This is the first report to demonstrate the association of RF and mortality in patients with dengue infection on the basis of epidemiologic analysis, although the mechanisms of how decreased GFR causes the development of DHF/DSS and high mortality were not studied. The results demonstrate that not only the history of CRF but also the current status of RF is significantly associated with the outcomes in patients with dengue viral infection.
Dengue infection is a problem even in a developed country with a tropical climate (26, 27) . Taiwan has a well-established public health system and mandatory national health insurance system, but it is not able to escape the threat of a dengue outbreak. The increasing numbers of patients with CKD/ESRD in Taiwan (18,19) constitute a vulnerable group for severe dengue infection. Our experiences would be most helpful for areas where the dengue infections were not primarily in children and where a good health care system brings up the prevalence of CKD/ESRD.
Conclusions
Patients with dengue infection and more severe renal function impairment have a higher possibility of having DHF/DSS and a higher risk for mortality. For this complicated clinical course and high mortality, the diagnosis and treatment for such patients must be cautious.
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